Value waste chain generates a significant amount of different agricultural wastes, co-products and 22
Introduction

42
The EU28 community presents a group of countries sharing the unique market of goods in 43
Europe (European Union, 2018). Favourable climate conditions of some European countries and 44 available land area lead to possibilities of high production of vegetables, fruits and cereals. 45 IMP = Imported quantity of commodity (tonnes) 3. Case study 150 In this paper, the applied methodology refers to the EU28 countries. The analyses were 151 conducted for the period from 2010 to 2016. The data for a produced commodity were taken from 152 the Eurostat (Eurostat, 2019b) , and the data for imported and exported quantities of commodities 153 were taken from the FAOSTAT (FAO, 2019) . The population of the EU28 Member States (2010-154 2016) was taken from the Eurostat (Eurostat, 2019c) . Consumption per capita of fresh (raw) or 155 processed food on a national level was given in the reports of the AgroCycle project (Ćosić et al., 156 2018) . 157
Commodities in the EU28
158
In order to select the most important commodities for analysis on the EU28 level, the 159 FAOSTAT data of top commodities by quantity in 2016 were used (FAOSTAT, 2019) . Top 160 commodities in the EU28 community were cow milk, sugar beet and cereals. Also, some 161 commodities were related to the geographical position of the country. Variety in size and population 162 of countries along with a variety of top commodities together result in a variety of type and 163 quantities of the AWCB throughout the EU28. 164
Commodity sectors and characteristic of AWCB 165
There were four analysed commodity sectors: Fruit, Vegetable, Cereal and Animal. The 166 animal AWCB required a slightly different approach in calculation compared to the methodology 167
shown. As it follows, a different notation was used. Stages in the animal AWCB value chain were 168 farming, slaughtering and processing, and consumption. In the next section, characteristic of 169
AWCBs for every commodity from every sector and for every step are briefly described. 170
Fruit sector 171
The Fruit sector consists of the following commodities: apples, grapes, oranges, peaches and 172 tangerines. During the cultivation and harvesting, a certain amount of fruit is eaten or destroyed by 173 animals (birds, rabbits, deer, wasps), or due to bad weather conditions and cannot be used as food. 174
Furthermore, different diseases harm fruit products, stalks and trees, which can result either in 175 lower income from the sale of fruit or in total devastation of the plant. Fruit intended for processing 176 can result in different products depending on the type and purpose of the process. All analysed 177 fruits can be used in the preparation of juice, whether concentrated or not. Furthermore, apples can 178 be used for vinegar production (Viana et al., 2017) , such as grapes. Citrus fruits are commonly used 179 for food additives production, such as aroma (Madrera et al., 2015) . Table 1 contains a mass ratio of 180 the main AWCB to product ratio for the Fruit sector. The main fruit AWCB in the harvesting and 181 cultivation step are pruning residues and leaves. The literature data estimate that citrus fruits have 182 lower values of prunes compared to the grape. Also, many different AWCB appear in the 183 processing step, mainly pomace and marc waste remained after pressing raw fruit. 184 As for the Vegetable sector, the following commodities were analysed: tomatoes, cabbages, 211 cauliflowers and broccoli, onions, carrots, potatoes, sunflower seeds, rapeseed, sugar beet and 212 olives. Vegetables are mainly used as food for people or animals. Also, like fruits, different diseases 213 that decrease the income and quality of the products impact vegetables. Vegetables are also used as 214 an initial source in the production of different products and semi-products (sauces, preserved and 215 frozen products). Table 2 contains a mass ratio of the main AWCB to product ratio for the 216 Vegetable sector. Many different AWCB occur during the harvesting and cultivation stage. Due to 217 the diversity of commodities that are included in the Vegetable sector, some of the AWCB 218 primarily appear during the cultivation stage (twigs, leaves and woody branches from olives or 219 sugar beet leaves and stones) and some during the harvesting period (damaged vegetables). 220 Table 2 Main AWCB produced from the Vegetable sector 221 
Cauliflower and broccoli
Wastewater to product ratio − 8.20 l/kg (Loehr, 2012) Total suspended solids to product ratio − 0.0025 kg/kg (Loehr, 2012) Leaves to product ratio − 0.50 kg/kg (Pankar and Bornare, 2018)
Carrot
Pomace and peel to product ratio − 0.12 kg/kg (Loehr, 2012) Wastewater to product ratio − 11.10 l/kg
Onion
Wastewater to product ratio − 21.00 l/kg (Loehr, 2012) Total suspended solids to product ratio − 0.01 kg/kg (Loehr, 2012) Peel to product ratio − 0.25 kg/kg The Cereal sector includes the following commodities: barley, maize, triticale, oats, rice, rye 250 and wheat. Certain amounts of cereals are eaten or destroyed by animals (birds, rabbits, deer, 251 wasps) and in that form cannot be used as food. Furthermore, cereals are the type of crops that 252 generate huge amounts of AWCB during harvesting, especially straw in the case of barley, triticale, 253 oat, wheat. Straw is mostly used as a material that provides clean area and thermal isolation for 254 stable animals. Bran is a by-product of a multi-stage process of flour production. Husks and cobs 255 are by-products that also often end up as burning material. Table 3 contains mass ratio of main 256 AWCB to product ratio for the Cereal sector. 257 Table 3 Main AWCB produced from the Cereal sector 258 Main AWCB during the harvesting period of cereals is straw. Also, harvesting technology 260 affects the quantities of the straw and ability to collect and properly dispose of the straw. During the 261 processing step, the main AWCB is bran, part of the grain that could be used in a further milling 262 process, but in the past few years, it has become an ingredient in food consumption. For rice, as the 263 only raw cereal directly used for food consumption, estimate shows that one quarter becomes rotten 264
and not used. The amount of fruit defected due to harvesting and handling errors is an important 265 factor in the AWCB calculation. Traditional method using harvest workers is slow and its The last sector analysed is the Animal sector: cattle, dairy cows, pigs and chickens (broilers). 290
Animal manure presents one of the most used by-products during the long tradition of animal 291 farming. Before urea, the only fertiliser for crop treatment was manure. Nowadays, people still use 292 manure as a fertiliser, but due to methane production, it should be avoided. Another source of by-293 products that are classified as waste is the slaughterhouse remains. In slaughterhouses, huge 294 quantities of different types of AWCB occur, which is potentially dangerous for the environment. 295
To decrease environmental pollution, these by-products must be safely used and disposed of. 296
Furthermore, dairy cows are farmed for milk production. After the milk is processed for different 297 products different types of waste occur, primarily whey. Whey must be pre-treated before disposal 298 because of environmental protection. Table 4 contains mass ratio of the main AWCB to product 299 ratio for the Animal sector. 300 Table 4 Main AWCB produced from the Animal sector 301 The average quantity of manure that one animal produces during a year is 18.98 t, and the total 325 quantity of manure that the Belgian farmers produced was 47,511,875 t in 2016. The AWCB 326 quantities that occurred in Belgian slaughterhouses were: 11,884 t of blood; 9,315 t of fatty tissue; 327 21,841 t of skin; 6,424 t of feet; 578 t of tail; 450 t of brain and 28,265 t of bones in 2016. The 328 quantity of the consumed cattle meat in Belgium was 205,862 t in 2016, of which 16% was 329 calculated to go mouldy (spoiled, rotten) or 32,938 t. 330
Results and discussion
331
The data on the cumulative quantity of AWCB from all the sectors, generated from 2010 to 332 2016, has been calculated as described in the previous sub-sections. The average quantity of AWCB 333 per population of the country and per area of the country is shown in Figure 1 and Figure 2 . shown to be more dominant in the quantities of the generated fruit AWCB. Therefore, the use of 427 citrus fruit co-and by-products in that area should be taken for more detailed observation in further 428 studies. The Cereal sector has shown the potential of AWCB in the countries of Central and Eastern 429
Europe. This analysis has shown that the highest yield of the cereal AWCB was generated in the 430 countries located in the Pannonian Basin and in France and Germany. 431
Future research should put the focus on the combined approach of converting the studied 432 AWCB in biorefineries. The first stage of the combined approach should include experimental 433 research on the production of value-added bio-applications like enzymes, biofuels, biopolymers, 434 pigments and bioactive compounds from the studied AWCB. The second stage is GIS mapping of 435 AWCB at national/regional level that could give a more detailed spatial distribution of AWCB. GIS 436 mapping will be used to find an optimum transport route for AWCB utilisation in the current 437 biorefineries, or in the planning of new biorefineries and local/regional intermediate processing 438
facilities. Finally, the study on the techno-economic analysis of the combined approach will be used 439 to valorise the products and the feasibility of AWCB utilisation. 440
In many cases, the production of value-added products from specific AWCB may not be 441 economically feasible mainly because of the low market price of products, low quantities and 442 seasonality of AWCB, high transportation costs and water content of AWCB. In order to overcome 443 these problems, specific types of AWCB should be treated on-site by the same producing industry 444 in order to produce intermediate products (such as bio-oil, biogas, bio-juice, etc.) that can be easily 445 stored and transported to the biorefineries which production provides a large-volume product to 446 achieve economies of scale. Bentsen, N.S., Nilsson, D., Larsen, S., 2018. Agricultural residues for energy -A case study on the 518 influence of resource availability, economy and policy on the use of straw for energy in 519
